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©  In  a  tandem  rolling  operation  for  metal  plates,  a 
snaking  control  method  for  securing  stable  plate 
transfer  of  rolled  material  including  rollings  at  front 
and  rear  end  portions  and  a  tandem  rolling  facility 
line  constituting  a  prerequisite  therefor  are  disclosed. 
In  a  snaking  control  method  for  a  tandem  plate 
rolling  mill  comprising  two  or  more  rolling  mills,  a 
rolled  material  tension  measuring  device  having  ten- 
sion  detectors  provided  independently  on  operating 

and  driving  sides,  respectively,  and  a  width-wise 
direction  plate  transfer  position  measuring  device  for 
rolled  material,  the  latter  two  devices  being  disposed 
between  the  rolling  mills,  a  width-wise  direction  plate 
transfer  position  of  rolled  material  at  the  location  of 
the  rolled  material  tension  measuring  device  is  di- 
rectly  detected  or  estimated  from  an  output  from  the 
width-wise  direction  plate  transfer  position  measuring 
device,  the  difference  in  tensions  between  the  op- 
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erating  and  driving  sides  which  are  actually  acting 
onto  the  rolled  material  at  the  location  of  the  rolled 
material  tension  measuring  device  is  operated  from 
the  result  of  the  detection  or  estimation  so  per- 
formed  and  outputs  from  the  detectors  of  the  rolled 
material  tension  measuring  device  provided,  respec- 

tively,  on  the  operating  and  driving  sides,  and  the 
difference  between  set  pressing  values  on  the  op- 
erating  and  driving  sides  of  the  respective  rolling 
mills  is  controlled  so  as  to  make  the  difference  in 
tension  zero. 

F i g .   4  
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TECHNICAL  FIELD 

The  present  invention  relates  to  an  operation 
control  method  for  ensuring  stable  positioning  of 
rolled  work  during  the  rolling  process  in  a  tandem 
rolling  operation  for  metal  strips,  and  also  relates  to 
a  tandem  rolling  mill  in  which  the  method  is  used. 

BACKGROUND  ART 

Tandem  rolling  of  metal  strips  is  a  process 
capable  of  mass-producing  high-precision  light- 
gauge  metal  strips.  Since  tension  can  be  applied  to 
rolled  work  between  roll  stands  constituting  a  tan- 
dem  rolling  mill,  the  tandem  rolling  process  pro- 
vides  a  very  stable  rolling  operation.  When  tension 
is  applied  to  rolled  work,  if  the  difference  in 
screwdown  settings  between  the  working  and  driv- 
ing  sides  (hereinafter  referred  to  as  the  screwdown 
leveling)  deviates  somewhat  from  an  optimum  val- 
ue,  for  example,  such  deviation  usually  does  not 
directly  lead  to  strip  side-tracking  since  the  dif- 
ference  does  not  directly  result  in  a  difference  in 
elongation  but  the  difference  in  elongation  between 
the  working  side  and  the  driving  side  is  suppressed 
because  of  a  redistribution  of  the  tension. 

At  the  leading  and  trailing  ends  of  the  rolled 
work,  however,  since  backward  or  forward  tension 
cannot  be  applied,  the  stabilizing  effect  mentioned 
above  is  reduced  by  half,  increasing  the  possibility 
of  strip  side-tracking.  In  particular,  backward  ten- 
sion  has  such  a  significant  effect  that  strip  side- 
tracking  known  as  tail  crash  is  likely  to  occur  when 
the  trailing  end  passes  a  roller  at  which  the  back- 
ward  tension  is  released.  To  prevent  this, 
screwdown  swiveling  control,  called  strip  travel 
control,  has  been  practiced  in  the  prior  art.  In  the 
description  hereinafter  given,  a  shortened  term  "left 
and  right"  will  often  be  used  to  refer  to  the  working 
side  and  driving  side.  Further,  in  this  specification, 
sideways  excursions  of  rolled  work  from  the  mill 
center  will  be  referred  to  as  "strip  travel". 

It  is  believed  that  the  primary  cause  for  tail 
crashes  is  the  strip  travel  caused  by  the  difference 
in  elongation,  between  left  and  right,  near  the  trail- 
ing  end  of  the  rolled  work.  In  the  prior  art  method 
of  strip  travel  control,  control  of  the  difference  in 
screwdown  settings  between  left  and  right  of  the 
roll  stand  concerned  (leveling  control)  is  started 
from  the  moment  that  the  phenomenon  of  tail  crash 
is  to  begin  to  show,  that  is,  the  moment  that  the 
trailing  end  of  the  rolled  work  has  exited  the  pre- 
ceding  roll  stand.  This  control  is  performed  by 
detecting  the  difference  in  rolling  loads  between 
left  and  right  of  the  roll  stand  concerned  or  by 
using  a  detection  signal  or  the  like  representing  the 
work's  off-center  amount  detected  by  a  strip  travel 
sensor. 

In  the  above  strip  travel  control  of  the  prior  art, 
since  control  is,  in  effect,  started  when  the  trailing 
end  of  the  rolled  work  has  exited  the  preceding  roll 
stand,  the  operating  time  for  control  is  short  and 

5  the  control  may  not  be  in  time  to  prevent  a  tail 
crash.  Furthermore,  if  there  is  a  deviation  from  an 
optimum  value  in  the  screwdown  leveling  of  the  roll 
stand  concerned,  strip  travel  occurs  at  the  moment 
that  the  trailing  end  of  the  work  exits  the  preceding 

io  roll  stand,  since  the  backward  tension  that  has 
been  acting  on  the  rolled  work  is  released  and  the 
compensating  effect  provided  by  the  difference  in 
tension  between  left  and  right  is  lost.  If  the 
screwdown  leveling  control  is  performed  after  such 

75  a  symptom  has  appeared,  it  is  often  too  late  to 
correct  the  situation. 

DISCLOSURE  OF  THE  INVENTION 

20  Accordingly,  the  invention  discloses  a  method 
of  maintaining  the  screwdown  leveling  of  each  roll 
stand  in  a  tandem  rolling  mill  in  an  optimum  con- 
dition  by  starting  control  while  in  a  steady-state 
rolling  condition  before  the  trailing  end  of  rolled 

25  work  exits  the  preceding  roll  stand,  not  after  that, 
and  also  discloses  a  tandem  rolling  mill  for  im- 
plementing  the  method. 

The  greatest  change  that  occurs  when  the  trail- 
ing  and  of  rolled  work  exits  the  preceding  roll  stand 

30  is,  needless  to  say,  the  loss  of  backward  tension. 
Accordingly,  if  abrupt  strip  travel  begins  at  this 
instant  in  time,  a  reasonable  guess  is  that  the 
screwdown  leveling  of  the  roll  stand  concerned  was 
outside  the  optimum  value  and  the  deviation  was 

35  compensated  for  by  the  difference  in  backward 
tension  between  left  and  right.  It  is  therefore  rea- 
sonable  to  assume  that  the  problem  of  tail  crash 
can  be  effectively  prevented  by  bringing  the  dif- 
ference  between  the  left  and  right  tensions,  acting 

40  on  the  rolled  work  between  roll  stands,  as  close  to 
zero  as  possible  while  in  a  steady-state  condition 
before  the  trailing  end  of  the  work  exits.  What  is 
needed  to  achieve  this  is  to  detect  the  difference 
between  the  left  and  right  tensions  acting  on  the 

45  rolled  work  between  the  roll  stands  and  to  perform 
an  operation  to  bring  the  difference  close  to  zero. 

To  achieve  this,  according  to  a  first  aspect  of 
the  invention,  there  is  provided  a  control  method  of 
strip  travel  for  a  tandem  strip  rolling  mill  comprising 

50  at  least  two  roll  stands  and  including  between  the 
roll  stands  a  rolled  work  tension  measuring  device 
having  independent  tension  detectors  on  both 
working  and  driving  sides  and  a  lateral  position 
measuring  device  for  measuring  the  lateral  position 

55  of  rolled  work,  characterized  in  that  the  lateral 
position  of  the  rolled  work  at  the  position  of  the 
rolled  work  tension  measuring  device  is  detected 
directly  or  estimated  from  an  output  of  the  lateral 
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position  measuring  device,  the  tension  difference 
representing  the  difference  between  tensions  ac- 
tually  acting  on  the  working  and  driving  sides  of  the 
rolled  work  at  the  position  of  the  rolled  work  ten- 
sion  measuring  device  is  computed  from  the  de- 
tected  or  estimated  lateral  position  and  outputs  of 
the  working-side  and  driving-side  detectors  of  the 
rolled  work  tension  measuring  device,  and  the  dif- 
ference  between  screwdown  settings  on  the  work- 
ing  and  driving  sides  of  each  roll  stand  is  con- 
trolled  aiming  at  reducing  the  tension  difference  to 
zero. 

Furthermore,  to  effectively  implement  the  con- 
trol  method  of  strip  travel,  there  is  provided,  ac- 
cording  to  a  second  aspect  of  the  invention,  a 
tandem  strip  rolling  mill  comprising  at  least  four  roll 
stands  and  including  a  rolled  work  tension  measur- 
ing  device  and  a  rolled  work  lateral  position  mea- 
suring  device  located  upstream  of  each  of  at  least 
two  consecutive  roll  stands  in  the  downstream  end 
of  the  mill,  characterized  in  that  the  rolled  work 
tension  measuring  device  is  equipped  with  inde- 
pendent  tension  detectors  on  both  working  and 
driving  sides.  Also,  according  to  a  third  aspect  of 
the  invention,  there  is  provided  a  tandem  strip 
rolling  mill  comprising  at  least  two  roll  stands, 
characterized  in  that  a  rolled  work  tension  measur- 
ing  device,  having  independent  tension  detectors 
on  both  working  and  driving  sides,  and  detecting 
devices,  capable  of  detecting  the  lateral  position  of 
the  rolled  work  on  both  upstream  and  downstream 
sides  of  the  rolled  work  tension  measuring  device 
between  the  roll  stands,  are  provided  in  at  least 
one  inter-stand  position. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  diagram  illustrating  an  algorithm  for 
a  control  method  of  strip  travel  according  to  one 
embodiment  of  the  present  invention; 
Figure  2  is  a  schematic  diagram  of  a  looper- 
type  tension  detecting  device  as  an  example  of 
a  rolled  work  tension  measuring  device  having 
independent  tension  detectors  on  both  working 
and  driving  sides,  an  essential  requirement  of 
the  present  invention; 
Figure  3  is  a  schematic  diagram  of  a  semi-fixed 
type  tension  detecting  devise  as  an  example  of 
a  rolled  work  tension  measuring  device  having 
independent  tension  detectors  on  both  working 
and  driving  sides,  an  essential  requirement  of 
the  present  invention; 
Figure  4  is  a  schematic  diagram  showing  an 
example  of  a  tandem  strip  rolling  mill  according 
to  another  embodiment  of  the  present  invention; 
Figure  5  is  a  schematic  diagram  showing  an 
example  of  a  tandem  strip  rolling  mill  according 
to  a  further  embodiment  of  the  present  inven- 

tion;  and 
Figure  6  is  a  schematic  diagram  showing  an 
example  of  a  tandem  strip  rolling  mill  according 
to  the  present  invention. 

5 
BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
TION 

Figure  1  is  a  flowchart  illustrating  a  control 
io  method  of  strip  travel  according  to  one  embodi- 

ment  of  the  present  invention.  In  step  1000,  the 
lateral  position  of  rolled  work  at  the  position  of  a 
rolled  work  tension  measuring  device  provided  be- 
tween  roll  stands  is  detected  directly  or  estimated 

is  by  interpolation,  using  an  output  of  a  lateral  posi- 
tion  measuring  device  which  is  provided  to  mea- 
sure  the  lateral  position  of  the  rolled  work  between 
the  roll  stands.  In  step  1002,  the  left/right  difference 
of  the  tension  actually  acting  on  the  rolled  work  is 

20  computed  from  the  lateral  position  obtained  in  the 
above  step  and  the  outputs  of  detectors  at  the 
working  side  and  driving  side  of  the  rolled  work 
tension  measuring  device.  In  step  1004,  it  is  deter- 
mined  whether  the  thus  computed  left/right  tension 

25  difference  is  within  an  allowable  value;  if  the  dif- 
ference  is  within  the  allowable  value,  the  process 
returns  to  step  1000.  Otherwise,  the  process  pro- 
ceeds  to  step  1006,  where  the  difference  between 
the  screwdown  settings  at  the  left  and  right  of  each 

30  roll  stand  is  controlled  aiming  at  reducing  the 
left/right  tension  difference  to  zero,  after  which  the 
process  returns  to  step  1000. 

The  rolled  work  tension  measuring  device  is, 
for  example,  a  vertically  movable  looper  device,  as 

35  shown  in  Figure  2,  which  is  primarily  used  in  hot 
rolling,  or  an  essentially  fixed  tension  detection  roll, 
as  shown  in  Figure  3,  which  is  primarily  used  in 
cold  rolling.  In  this  device,  the  force  acting  on  an 
idle  roller  7  by  the  tension  being  exerted  on  rolled 

40  work  4  is  detected  by  torsion  bar-type  load  cells  9a 
and  9b  or  load  cells  11a  and  11b.  The  present 
invention  is  based  on  the  premise  that  the  load 
cells  are  provided  independently  of  each  other  on 
the  working  and  driving  sides,  as  shown  in  Figure  2 

45  or  3;  by  observing  the  difference  between  their 
outputs,  asymmetric  components  (with  respect  to 
the  working  and  driving  sides)  of  the  force  acting 
on  the  rolled  work  tension  measuring  device  can 
be  extracted.  To  convert  the  load  cell  outputs  into 

50  the  tension  acting  on  the  rolled  work,  the  angle  that 
the  rolled  work  4  makes  with  a  horizontal  plane  is 
calculated  from  the  position  of  the  idle  roller  7  of 
the  tension  measuring  device  and  the  working  roll 
position  of  the  roll  stand,  and  the  tension  is  com- 

55  puted  by  calculation  from  the  geometrical  equilib- 
rium  conditions  of  the  force  vector.  On  the  other 
hand,  as  the  lateral  position  measuring  device  for 
the  rolled  work,  an  optical  type  is  the  most  prac- 
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tical. 
Considering  rolled  work  passing  between  ar- 

bitrary  roll  stands  No.  i  and  No.  i  +  1  ,  a  description 
will  be  given  in  further  detail  below  by  taking  the 
looper-type  tension  measuring  device  of  Figure  2 
as  an  example.  When  the  load  cell  loads  in  the 
rolled  work  tension  measuring  device  are  converted 
to  the  loads  in  the  perpendicular  direction  by  taking 
the  looper  angle  into  account,  and  the  difference 
between  the  loads  on  the  working  and  driving  sides 
is  extracted  and  denoted  as  Rdfi,  the  value  Rdfi 
includes  the  effects  of  not  only  the  tension  dif- 
ference  adfi  but  the  lateral  position  of  the  rolled 
work,  i.e.  the  work  off-center  amount  xci,  and  the 
relation  us  expressed  by  the  following  equation 
holds. 

Rdfi  =  [{b2/(6aLi)}adfi  +  (2/aLi)ai  bxci]  (sinebi  + 
sinefi)hi  (1) 

where  au  is  the  distance  between  supporting  points 
of  the  looper  roll,  0bi  and  0fi  are  the  angles  that  the 
rolled  strip  surfaces  on  the  i-th  and  (i  +  1)-th  stands 
make  with  the  horizontal  plane  with  the  looper  roll 
therebetween,  hi  is  the  strip  thickness  at  the  exit  of 
the  i-th  stand,  xci  is  the  work  off-center  amount  at 
the  looper  position,  a-,  is  the  tension  per  unit  cross- 
sectional  area  of  the  rolled  work  (hereinafter  re- 
ferred  to  as  the  unit  tension),  and  b  is  the  width  of 
the  rolled  work. 

When  Rdfi  is  measured,  if  the  work  off-center 
amount  at  the  looper  position,  xci,  is  unknown,  it  is 
not  possible  to  accurately  obtain  the  tension  acting 
on  the  rolled  work  from  equation  (1).  Generally,  a 
rolling  operation  is  performed  aiming  at  bringing  xci 
to  zero,  but  in  reality,  an  error  of  about  10  to  20 
mm  occurs,  and  this  error  can  have  an  appreciable 
effect  on  the  estimation  accuracy  of  the  tension  adfi 
acting  on  the  rolled  work.  For  example,  when  xci  = 
10  mm,  aLi  =  2000  mm,  and  b  =  1000  mm,  if  the 
tension  difference  adfi  is  estimated  by  disregarding 
the  effect  of  xci  when  evaluating  the  terms  within 
the  square  brackets  on  the  right-hand  side  of  equa- 
tion  (1),  there  occurs  an  error  equivalent  to  12%  of 
the  unit  tension  a,.  When  rolling  leveling  control  is 
performed  in  order  to  reduce  the  left/right  tension 
difference  adfi  acting  on  the  rolled  work  to  zero, 
usually  the  work  off-center  amount  xci  will  also 
vary,  but  if  the  control  were  performed  without 
detecting  this  variation,  the  control  would  entail  a 
substantial  error  of  ±0.12  a-,  with  respect  to  the 
target  value  adfi,  making  it  impossible  to  perform 
satisfactory  strip  travel  control  that  can  ensure  the 
prevention  of  tail  crash.  It  is  apparent  that  what  is 
important  to  the  prevention  of  strip  side-tracking  is 
not  to  reduce  Rdfi  to  zero,  but  to  reduce  adfi  to 
zero. 

From  the  above  description,  it  is  clear  that  to 
accurately  detect  adfi  and  perform  control  to  bring 
adfi  to  zero,  it  is  essential  that  a  rolled  work  tension 
measuring  device  having  independent  tension  de- 

5  tectors  on  both  the  working  and  driving  sides  be 
used  and  the  difference  between  the  loads  at  left 
and  right  acting  on  the  tension  measuring  device 
be  detected,  and  also  that  the  lateral  position  of  the 
rolled  work  at  the  position  of  the  tension  measuring 

io  device  be  detected  directly  or  be  estimated  by 
computation. 

Next,  rolling  equipment  for  implementing  the 
above-described  strip  travel  control  will  be  de- 
scribed.  Generally,  in  a  tandem  rolling  mill,  tail 

is  crash  is  most  likely  to  occur  at  roll  stands  at  the 
downstream  side  of  the  mill.  This  is  because,  since 
the  strip  thickness  is  reduced  as  the  work  is  trans- 
ported  downstream,  if  the  rolling  leveling  contains 
an  error  with  respect  to  the  optimum  value,  the 

20  effect  of  this  error  on  the  difference  in  elongation 
between  left  and  right  becomes  relatively  large, 
and  also  because,  since  the  rolling  speed  in- 
creases  in  the  downstream  side,  there  is  not 
enough  time  to  perform  control  in  a  manual  opera- 

25  tion  or  in  the  prior  art  control  method  that  starts 
rolling  leveling  control  after  the  trailing  end  of  the 
rolled  work  has  passed  the  preceding  stand. 

To  overcome  this  problem,  a  tandem  strip  roll- 
ing  mill  according  to  another  embodiment  of  the 

30  invention  comprises  at  least  four  roll  stands  and 
includes  a  rolled  work  tension  measuring  device 
and  a  rolled  work  lateral  position  measuring  device 
located  upstream  of  each  of  two  consecutive  roll 
stands  in  the  downstream  end  of  the  mill,  the  rolled 

35  work  tension  measuring  device  being  equipped 
with  independent  tension  detectors  on  both  the 
working  and  driving  sides.  These  measuring  de- 
vices  are  provided  on  the  upstream  side  of  each  of 
the  two  roll  stands  in  the  downstream  end  because 

40  tail  crash  is  most  likely  to  occur  there,  as  described 
above,  and  also  because,  in  the  rolling  operation 
among  these  upstream  roll  stands,  the  plate  thick- 
ness  is  substantially  large  and  it  is  possible  up  to  a 
certain  point  to  forcefully  restrict  the  work  off-cen- 

45  ter  amount  by  means  of  a  guide  provided  on  the 
upstream  side  of  each  roll  stand,  so  that  in  equa- 
tion  (1),  xci,  can  be  safely  assumed  to  be  zero 
without  causing  a  substantial  error.  That  is,  by 
providing  rolled  work  tension  measuring  devices 

50  2a,  2b  and  rolled  work  lateral  position  measuring 
devices  3a,  3b  on  the  upstream  side  of  at  least  two 
consecutive  roll  stands  1a,  1b  in  the  downstream 
end,  as  shown  in  Figure  4,  substantially  effective 
strip  travel  control  is  made  possible.  A  process 

55  computer  12  accepts  outputs  from  the  rolled  work 
tension  measuring  devices  2a,  2b  and  rolled  work 
lateral  position  measuring  devices  3a,  3b,  carries 
out  the  earlier  described  calculations  to  compute 

5 
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the  tension  differences  acting  on  the  rolled  work  at 
respective  positions  between  the  roll  stands,  and 
controls  the  difference  between  the  screwdown  set- 
tings  on  the  working  and  driving  sides  of  each  of 
the  roll  stands  1a,  1b,  1c,  and  1d,  in  such  a  manner 
as  to  reduce  the  tension  differences  to  zero. 

To  measure  the  lateral  position  of  the  rolled 
work  at  the  position  of  the  rolled  work  tension 
measuring  device,  the  lateral  edges  of  the  rolled 
work  must  be  detected  at  positions  where  the  work 
is  in  contact  with  the  idle  roller  7  shown  in  Figure  2 
or  3,  however,  using  optical  means,  it  is  often 
difficult  to  distinguish  the  strip  edges  from  the  idle 
roller  itself.  Accordingly,  in  the  example  shown  in 
Figure  4,  the  lateral  position  is  measured  at  a 
position  slightly  downstream  of  the  tension  measur- 
ing  device,  from  which  the  lateral  position  at  the 
position  of  the  tension  measuring  device  is  es- 
timated.  This  method,  however,  inevitably  intro- 
duces  a  certain  degree  of  error  in  the  estimation  of 
the  lateral  position. 

Accordingly,  in  a  tandem  strip  rolling  mill  ac- 
cording  to  a  further  embodiment  of  the  invention, 
lateral  position  measuring  devices,  3a'/3a",  3b'/3b", 
and  3c'/3c",  are  disposed  before  and  after  rolled 
work  tension  measuring  devices,  2a,  2b,  and  2c, 
respectively,  as  shown  in  Figure  5.  With  the  lateral 
position  measuring  devices  thus  positioned  on  both 
the  upstream  and  downstream  sides  of  each  rolled 
work  tension  measuring  device,  the  lateral  position 
of  the  rolled  work  at  the  position  of  the  rolled  work 
tension  measuring  device  where  direct  measure- 
ment  is  difficult  can  be  accurately  estimated  by 
interpolation  from  the  outputs  of  the  lateral  position 
measuring  devices  located  before  and  after  that 
position.  This  increases  the  accuracy  in  estimating 
the  tension  difference  acting  on  the  rolled  work,  as 
a  result  of  which  the  strip  travel  control  according 
to  the  first  aspect  of  the  invention  can  be  per- 
formed  with  high  precision. 

Figure  6  shows  a  seven-stand  tandem  mill,  in 
which  rolled  work  tension  measuring  devices,  2a  - 
2f,  each  equipped  with  independent  tension  detec- 
tors  on  both  the  working  and  driving  sides,  are 
disposed  alternately  between  the  seven  stands, 
and  further,  detector  pairs,  3a'/3a",  3b'/3b",  and 
3c'/3c",  each  pair  capable  of  detecting  the  lateral 
position  of  the  rolled  work  on  both  the  downstream 
and  upstream  sides  of  the  corresponding  rolled 
work  tension  measuring  device,  are  located  al- 
ternately  between  the  three  consecutive  stands  in 
the  downstream  end.  Using  this  tandem  rolling  mill 
configuration,  strip  travel  control  was  performed. 

First,  using  only  the  outputs  of  the  rolled  work 
tension  measuring  devices  and  assuming  the  work 
off-center  amount  to  be  always  zero,  the  tension 
difference  adfi  acting  on  the  rolled  work  between 
the  stands  was  estimated,  and  rolling  leveling  con- 

trol  was  performed  aiming  at  reducing  adfi  to  zero. 
The  result  was  that  the  lateral  movement  of  the 
trailing  end  of  the  rolled  work  could  not  be  brought 
into  a  fully  stabilized  condition. 

5  Next,  using  such  data  as  load  cell  and 
screwdown  settings  of  each  roll  stand  in  addition  to 
the  outputs  of  the  rolled  work  tension  measuring 
devices,  equations  expressing  various  phenomena 
in  tandem  rolling  were  solved  to  estimate  the  work 

io  off-center  amount  directly  under  each  roll,  by  inter- 
polation  from  which  the  work  off-center  amount  xci 
at  the  position  of  each  rolled  work  tension  measur- 
ing  device  was  computed,  and  the  tension  dif- 
ference  adfi  acting  on  the  rolled  work  was  estimated 

is  using  equation  (1).  With  these  conditions,  rolling 
leveling  control  was  performed  aiming  at  reducing 
adfi  to  zero.  The  result  was  improved,  compared  to 
the  first-mentioned  control  in  which  the  work  off- 
center  amount  was  assumed  to  be  zero,  but  the 

20  lateral  movement  of  the  trailing  end  of  the  rolled 
work,  especially  at  the  stands  in  the  downstream 
side,  could  not  be  brought  into  a  fully  stabilized 
condition. 

Finally,  the  work  off-center  amounts  were  di- 
25  rectly  detected  using  the  detector  pairs,  3a'/3a", 

3b/3b",  and  3c'/3c",  each  pair  capable  of  detecting 
the  lateral  position  of  the  rolled  work  on  both  the 
downstream  and  upstream  sides  of  the  correspond- 
ing  rolled  work  tension  measuring  device,  and  the 

30  work  off-center  amount  at  the  position  of  each 
rolled  work  tension  measuring  device  was  com- 
puted  by  interpolation  from  the  outputs  of  the  de- 
tectors  located  before  and  after  that  position;  then, 
the  tension  difference  adfi  acting  on  the  rolled  work 

35  was  estimated  using  the  interpolated  value  and 
equation  (1).  With  these  conditions,  rolling  leveling 
control  was  performed  for  each  stand,  aiming  at 
reducing  adfi  to  zero.  The  result  showed  a  dramatic 
improvement  in  the  estimation  accuracy  of  the  ten- 

40  sion  difference  acting  on  the  rolled  work  at  the 
downstream-side  stands  where  tail  crash  is  particu- 
larly  a  problem,  and  the  lateral  movement  of  the 
trailing  end  of  the  rolled  work  could  be  brought  into 
an  almost  fully  stabilized  condition. 

45  As  described  above,  according  to  the  control 
method  of  strip  travel  and  the  tandem  strip  rolling 
mill  of  the  invention,  the  tension  difference  acting 
on  the  rolled  work  between  the  roll  stands  in  the 
tandem  rolling  mill  can  be  controlled  to  almost  zero 

50  during  the  steady-state  operation  of  rolling.  This 
substantially  eliminates  strip  side-tracking  in  every 
process  of  the  rolling  operation  including  the  rolling 
of  the  trailing  end  of  the  rolled  work,  achieving  a 
dramatic  improvement  in  productivity  and  produc- 

55  tion  yield. 
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Claims 

1.  A  control  method  of  strip  travel  for  a  tandem 
strip  rolling  mill  comprising  at  least  two  roll 
stands  and  including  between  said  roll  stands 
a  rolled  work  tension  measuring  device  having 
independent  tension  detectors  on  both  working 
and  driving  sides  and  a  lateral  position  mea- 
suring  device  for  measuring  the  lateral  position 
of  rolled  work,  characterized  in  that  the  lateral 
position  of  the  rolled  work  at  the  position  of 
said  rolled  work  tension  measuring  device  is 
detected  directly  or  estimated  from  an  output 
of  said  lateral  position  measuring  device,  a 
tension  difference  representing  the  difference 
between  tensions  actually  acting  on  the  work- 
ing  and  driving  sides  of  the  rolled  work  at  the 
position  of  said  rolled  work  tension  measuring 
device  is  computed  from  said  detected  or  es- 
timated  lateral  position  and  outputs  of  the 
working-side  and  driving-side  detectors  of  said 
rolled  work  tension  measuring  device,  and  the 
difference  between  screwdown  settings  on  the 
working  and  driving  sides  of  each  roll  stand  is 
controlled  aiming  at  reducing  said  tension  dif- 
ference  to  zero. 

2.  A  tandem  strip  rolling  mill  comprising  at  least 
four  roll  stands  and  including  a  rolled  work 
tension  measuring  device  and  a  rolled  work 
lateral  position  measuring  device  located  up- 
stream  of  each  of  at  least  two  consecutive 
rolling  mills  in  the  downstream  end  of  said  mill, 
characterized  in  that  said  rolled  work  tension 
measuring  device  is  equipped  with  indepen- 
dent  tension  detectors  on  both  working  and 
driving  sides. 

3.  A  tandem  strip  rolling  mill  comprising  at  least 
two  roll  stands,  characterized  in  that  a  rolled 
work  tension  measuring  device,  having  inde- 
pendent  tension  detectors  on  both  working  and 
driving  sides,  and  a  detecting  device,  capable 
of  detecting  the  lateral  position  of  rolled  work 
on  both  upstream  and  downstream  sides  of 
said  rolled  work  tension  measuring  device  be- 
tween  said  roll  stands,  are  provided  in  at  least 
one  inter-stand  position. 

4.  A  control  method  of  strip  travel  comprising  the 
steps  of: 

a)  determining  a  tension  difference  repre- 
senting  the  difference  between  tensions  act- 
ing  on  working  and  driving  sides  of  rolled 
work  between  roll  stands;  and 
b)  controlling  the  difference  between 
screwdown  settings  on  the  working  and 
driving  sides  of  each  roll  stand  in  such  a 

manner  as  to  reduce  said  tension  difference 
to  zero. 

5.  A  method  according  to  claim  4,  wherein  step 
5  a)  includes  the  substeps  of: 

i)  installing  between  said  roll  stands  a  rolled 
work  tension  measuring  device  having  a 
working-side  and  a  driving-side  detector; 
ii)  determining  the  lateral  position  of  said 

io  rolled  work  at  the  position  of  said  rolled 
work  tension  measuring  device;  and 
iii)  determining  said  tension  difference  by 
computing  said  tension  difference  from  said 
position  and  using  outputs  of  the  working- 

15  side  and  driving-side  detectors  of  said  rol- 
led  work  tension  measuring  device. 

6.  A  method  according  to  claim  5,  wherein  in 
substep  ii)  the  lateral  position  of  said  rolled 

20  work  is  determined  by  detecting  the  lateral 
position  using  a  lateral  position  measuring  de- 
vice  provided  in  the  vicinity  of  said  rolled  work 
tension  measuring  device. 

25  7.  A  method  according  to  claim  5,  wherein  in 
substep  ii)  the  lateral  position  of  said  rolled 
work  is  determined  by  interpolation  from  lateral 
positions  detected  by  lateral  position  measur- 
ing  devices  provided  on  upstream  and  down- 

30  stream  sides  of  said  rolled  work  tension  mea- 
suring  device. 

8.  A  control  apparatus  for  strip  travel  comprising: 
means  for  determining  a  tension  difference 

35  representing  the  difference  between  tensions 
acting  on  working  and  driving  sides  of  rolled 
work  between  roll  stands;  and 

means  for  controlling  the  difference  be- 
tween  screwdown  settings  on  the  working  and 

40  driving  sides  of  each  roll  stand  in  such  a 
manner  as  to  reduce  said  tension  difference  to 
zero. 

9.  An  apparatus  according  to  claim  8,  wherein 
45  said  tension  difference  determining  means  in- 

cludes: 
a  rolled  work  tension  measuring  device 

provided  between  said  roll  stands  and  having  a 
working-side  and  a  driving-side  detector; 

50  means  for  determining  the  lateral  position 
of  said  rolled  work  at  the  position  of  said  rolled 
work  tension  measuring  device;  and 

means  for  determining  said  tension  dif- 
ference  by  computing  said  tension  difference 

55  from  said  position  and  using  the  outputs  of 
said  working-side  and  driving-side  detectors  of 
said  rolled  work  tension  measuring  device. 

7 



11 EP  0  684  091  A1 12 

10.  An  apparatus  according  to  claim  9,  wherein 
said  lateral  position  determining  means  in- 
cludes  a  lateral  position  measuring  device  pro- 
vided  in  the  vicinity  of  said  rolled  work  tension 
measuring  device. 

11.  An  apparatus  according  to  claim  9,  wherein 
said  lateral  position  determining  means  in- 
cludes  lateral  position  measuring  devices  pro- 
vided  on  upstream  and  downstream  sides  of 
said  rolled  work  tension  measuring  device,  and 
means  for  performing  interpolation  from  lateral 
positions  detected  by  said  lateral  position  mea- 
suring  devices. 

Amended  claims 

1.  (AMENDED)  A  control  method  of  strip  travel 
for  a  tandem  strip  rolling  mill  comprising  at 
least  two  roll  stands  and  including  between 
said  roll  stands  a  rolled  work  tension  measur- 
ing  device  having  independent  tension  detec- 
tors  on  both  working  and  driving  sides  and  a 
lateral  position  measuring  device  for  measuring 
the  lateral  position  of  rolled  work,  characterized 
in  that  the  lateral  position  of  the  rolled  work  at 
the  position  of  said  rolled  work  tension  mea- 
suring  device  is  detected  directly  or  estimated 
from  an  output  of  said  lateral  position  measur- 
ing  device,  the  tension  difference  representing 
the  difference  between  tensions  actually  acting 
on  the  working  and  driving  sides  of  the  rolled 
work  at  the  position  of  said  rolled  work  tension 
measuring  device  is  computed  from  said  de- 
tected  or  estimated  lateral  position  and  outputs 
of  the  working-side  and  driving-side  detectors 
of  said  rolled  work  tension  measuring  device, 
and  the  difference  between  screwdown  set- 
tings  on  the  working  and  driving  sides  of  each 
of  at  least  the  roll  stands  on  the  upstream  and 
downstream  sides  of  said  rolled  work  tension 
measuring  device,  is  controlled  aiming  at  re- 
ducing  said  tension  difference  to  zero,  regard- 
less  of  the  lateral  position  of  said  rolled  work. 

2.  A  tandem  strip  rolling  mill  comprising  at  least 
four  roll  stands  and  including  a  rolled  work 
tension  measuring  device  and  a  rolled  work 
lateral  position  measuring  device  located  up- 
stream  of  each  of  at  least  two  consecutive 
rolling  mills  in  the  downstream  end  of  said  mill, 
characterized  in  that  said  rolled  work  tension 
measuring  device  is  equipped  with  indepen- 
dent  tension  detectors  on  both  working  and 
driving  sides. 

3.  A  tandem  strip  rolling  mill  comprising  at  least 
two  roll  stands,  characterized  in  that  a  rolled 

work  tension  measuring  device,  having  inde- 
pendent  tension  detectors  on  both  working  and 
driving  sides,  and  a  detecting  device,  capable 
of  detecting  the  lateral  position  of  rolled  work 

5  on  both  upstream  and  downstream  sides  of 
said  rolled  work  tension  measuring  device  be- 
tween  said  roll  stands,  are  provided  in  at  least 
one  inter-stand  position. 

w  4.  (DELETED) 

5.  (AMENDED)  A  control  method  of  strip  travel 
comprising  the  steps  of: 

a)  installing,  in  at  least  one  inter-stand  posi- 
75  tion  in  a  tandem  strip  rolling  mill,  a  rolled 

work  tension  measuring  device  having  a 
working-side  and  a  driving-side  detector; 
b)  determining  the  lateral  position  of  said 
rolled  work  at  the  position  of  said  rolled 

20  work  tension  measuring  device; 
c)  computing  the  tension  difference  repre- 
senting  the  difference  between  tensions  act- 
ing  on  the  working  and  driving  sides  of  said 
rolled  work  between  said  roll  stands,  based 

25  on  said  lateral  position  and  on  outputs  of 
the  working-side  and  driving-side  detectors 
of  said  rolled  work  tension  measuring  de- 
vice;  and 
d)  controlling  the  difference  between 

30  screwdown  settings  on  the  working  and 
driving  sides  of  each  of  it  least  the  roll 
stands  on  the  upstream  and  downstream 
sides  of  said  rolled  work  tension  measuring 
device,  aiming  at  reducing  said  tension  dif- 

35  ference  to  zero,  regardless  of  said  lateral 
position. 

6.  (AMENDED)  A  method  according  to  claim  5, 
wherein  in  step  b)  the  lateral  position  of  said 

40  rolled  work  is  determined  by  detecting  the 
lateral  position  using  a  lateral  position  measur- 
ing  device  provided  in  the  vicinity  of  said  rolled 
work  tension  measuring  device. 

45  7.  (AMENDED)  A  method  according  to  claim  5, 
wherein  in  step  b)  the  lateral  position  of  said 
rolled  work  is  determined  by  interpolation  from 
lateral  positions  detected  by  lateral  position 
measuring  devices  provided  on  upstream  and 

50  downstream  sides  of  said  rolled  work  tension 
measuring  device. 

8.  (DELETED) 

55  9.  (AMENDED)  A  control  apparatus  for  strip  travel 
comprising: 

means  provided  in  at  least  one  inter-stand 
position  in  a  tandem  strip  rolling  mill  and  hav- 
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ing  a  working-side  and  a  driving-side  detector; 
means  for  determining  the  lateral  position 

of  said  rolled  work  at  the  position  of  said  rolled 
work  tension  measuring  device; 

means  for  computing  a  tension  difference  5 
representing  the  difference  between  tensions 
acting  on  the  working  and  driving  sides  of  said 
rolled  work  between  said  roll  stands,  based  on 
said  lateral  position  and  on  the  outputs  of  the 
working-side  and  driving-side  detectors  of  said  10 
rolled  work  tension  measuring  device;  and 

means  for  controlling  the  difference  be- 
tween  screwdown  settings  on  the  working  and 
driving  sides  of  each  of  at  least  the  roll  stands 
on  the  upstream  and  downstream  sides  of  said  is 
rolled  work  tension  measuring  device,  aiming 
at  reducing  said  tension  difference  to  zero, 
regardless  of  said  lateral  position. 

20 
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